The Tuber indicum (Chinese truffle) and Tuber melanosporum (Black truffle) species 26 are morphologically very similar but their aromas are very different. The black truffle 27 aroma is much more intense and complex, and it is consequently more appreciated 28
Introduction 75
There are more than a hundred different kinds of truffles around the world, most of 76 which grow in various parts of Europe, in particular in France, Italy and Spain. In 77
China, there are 25 species of the genus Tuber. One of them is the species Tuber 78 indicum, found mainly in the provinces of Yunnan and Sichuan (Zhang, Zhao, Chen, 79
Liu, Konishi, & Gao, 2007) . This species, sometimes known as Tuber sinense or Tuber 80 himalayense, is considered as one of the eight most extensively studied truffle species 81
along with T. melanosporum, T. brumale, T. aestivum, T.magnatum, T. borchii, 82
Tirmania nivea and Terfezia claveryi (Wang & Marcone, 2011) . 83
The high prices and growing demand for truffles means that they are often the object of 84 fraud, especially when species are morphologically similar. T. melanosporum, 85 considered as the queen of truffles, is one of the most prized foods worldwide due to its 86 organoleptic properties, especially the aroma. However, this species is very vulnerable 87 to fraud given that other species such as Tuber indicum look very similar (dark gleba 88 and black peridium) and it is difficult to tell them apart by traditional morphological 89 in a container with T. melanosporum carpophores, they will go unnoticed since as well 94 as their morphological similarity, Chinese truffles are able to absorb the aroma of black 95 truffles. Fraud in conserves, sauces, patés and oils is quite easy because the label does 96 not specify the species. "Black truffles" is listed in the ingredients. This suggests T. 97 melanosporum, but it is quite possible that mixtures of cheaper species such as T. 98
It is well-known that the volatile organic compounds (VOC) profile of T. melanosporum 101 and T. indicum is dominated by alcohols (48-57%), aldehydes (4 -27%) and other 102 aromatic compounds (9-30%) (Splivallo, Bossi, Maffei, & Bonfante, 2007a) . According 103 to these authors, T. melanosporum can be distinguished from T. indicum due to its 104 higher aroma content and larger variety of sulfur containing compounds. Some volatile 105 compounds seem to be specific to one of these species, as is the case of 1,2-106 dimethoxybenzene, 2-phenyl-2-buten-1-al and 5-methyl-2-phenyl-2-hexenal (Splivallo 107 et al., 2007a) . However, none of these volatile compounds are characterized by relevant 108 aromatic properties. 109
Therefore, the main aim of the present work is to evaluate if it is possible to 110 differentiate these species of black truffle (T. indicum and T. melanosporum) from an 111 aromatic point of view and to try to find some specific aromatic compounds which can 112 act as markers of these species, enabling their discrimination. For this purpose, gas 113 chromatography-olfactometry (GC-O) and gas chromatography-mass spectrometry 114 (GC-MS) strategies were used to provide a complete aromatic profile of The volatiles of the truffle were collected using a purge and trap system 151 following the same methodology as that used previously in order to characterize the T. 
by a multidimensional system (GC-O-GC-O-MS). 186
This multidimensional chromatographic system was used to verify the identity of some 187 odorants detected previously by gas chromatography-olfactometry (GC-O). The identity of the odorant was determined from the odor description, mass 215 spectrum and linear retention indices on both columns (DB-Wax and VF-5MS). The 216 identity was confirmed by injection of the pure reference standard, when available. 217
Headspace solid-phase microextraction (HS-SPME) 218
The methodology applied for this analysis was used in a recently published 219 previous work (Culleré, Ferreira, Venturini, Marco, & Blanco, 2012). Approximately 2 220 grams of sample was placed in a 20 mL vial closed with a plastic film. Once the desired 221 temperature (53ºC) had been reached, the vial was allowed to condition for the 222 equilibrium time (5 min). After this time, the fiber (a 50/30 µm layer of 223 divinylbenzene/carboxen/polydimethylsiloxane from Supelco) was introduced into the 224 vial and exposed to the headspace of the sample during 13.6 minutes. Thermal 225 desorption of the compounds from the fiber coating took place in the GC injector at 200 226 ºC for 15 minutes. 227
Gas Chromatography-Mass Spectrometry (GC-MS) conditions 228
The analyses were performed with a CP-3800 chromatograph coupled to a 229 characterized by mushroom nuances, given its high modified frequency (82%). This 287 was followed by 1-octen-3-ol (69%), ethyl isobutyrate (65%) and 3-methyl-1-butanol 288 and ethyl 2-methylbutyrate (both with 53%). The identification of the compound 289 responsible for the aromatic zone described as having a clear odor of mushroom with 290 LRI DB-WAX 1463 required the help of a multidimensional chromatographic system (GC-291 O-GC-O-MS), following the procedure described above. This aroma may be explained 292 by the 1-octen-3-ol or else by the 1-nonen-3-one, given that both compounds are eluted 293 in zones which are quite close in both columns (especially in DB-WAX). After 294 capturing the zone of interest in the dual system and transferring it to the secondclearly corresponds to 1-octen-3-ol. In this way it was possible to identify beyond doubt 297 an odorant which is so significant in the aromatic profile of T. indicum. To conclude, it is clear that the olfactometric differences are sufficiently marked for the 339 purposes of distinguishing between the two species using the chromatographic method 340 described. 341
Volatile composition analysis by Head Space Solid-Phase Micro 342

Extraction (HS-SPME) 343
A more detailed study of the volatile composition of T. indicum was carried out 344 in addition to the olfactometric analysis. Table 2 shows the data obtained (expressed in 345 area percentages) for the compounds which appeared in average quantities above orequal to 0.7 %. A total of 17 compounds met this criterion. The most abundant by a 347 substantial margin was 1-octen-3-ol with an area percentage of 37%, followed by 3-348 methyl-1-butanol (13.9 %) and dimethylsulfide (8.3 %). These three odorants were also 349 considered significant in the olfactometric study, together with 1-octen-3-one (which 350 appears here at the bottom of the table with only 0.7% abundance). It is also worth 351 pointing out that 6 of the 17 compounds listed in Table 2 These results demonstrate the importance of this group of compounds and are consistent 369 with a previous study (Splivallo et al., 2007b) . These authors concluded that the It is therefore recommended that the GC-O method should be used and that particular 393 attention should be paid to the intensity of the C8 compounds, together with the sulfides 394 (DMS and DMDS), or that the HS-SPME-GC-MS analytical method should be used to 541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574 Table 2 . Volatile compounds present in T.indicum (HS-SPME-GC-MS analysis). 
Compound
